Abstract-Crowdsourcing, citizen journalism and social networks are Information and Communications Technologies (ICT) that have ushered in civil society's participation in the ICT equation. However, the participation of civil society has been limited to creating content and, to some extent, capturing data about events around the community. An area that has been neglected is the inclusion of these new players in the software development life cycle. Democratizing software development by including civil society in the software development life cycle will increase the variety of software applications and generate more buy-in of applications that improve livelihoods. Such an approach will lead to the emergence of Inclusive Information and Communication Technologies (IICT). The challenges that arise when developing IICTs include, inter alia, ownership of IICT, computer illiteracy of beneficiary communities, balkanized nature of communities in place and the well-known challenge of the communication gap between software developers and user communities. My approach to addressing these challenges was to develop the Integrated Development Spatial Planning Framework (IDSPF), a systems development methodology that seeks to demystify software development for grassroots communities by using participatory techniques that are familiar to stakeholders who implement socio economic development projects.
INTRODUCTION
There is a surge in the number of stakeholders whose social wellbeing is being directly affected by the proliferation of ICTs. When ICTs play a significant role in changing governments, as is the case with the Arab Spring, the entire populations of those countries are directly affected by ICTs. It then stands to reason that more stakeholders would be added to the population directly affected by ICTs. Furthermore, the demographics of stakeholders directly impacted by ICT drastically changes.
The following are examples of applications that drive grassroots involvement in ICT:
• Crowdsourcing
• Social networks (the Arab Spring)
• Multi-purpose Community Centers
• Citizen journalism
•

Mobile money
These innovations invariably bring all levels of society, including grassroots, within the ICT application catchment window.
Experiences in implementing socio economic development projects within communities in place indicate that projects become more sustainable if their identification, planning, implementation and monitoring and evaluation is undertaken with the participation of beneficiary communities. When the opportunity to develop software for application in rural communities presented itself to me, I decided that the best approach of generating buy-in and sustainability of the software would be to adopt a participatory project development approach since such approaches have yielded positive results in socio economic development projects. I decided to include grassroots in the entire software development cycle. This is when the challenges of ownership, computer illiteracy, balkanized stakeholder communities and the communication gap between software began to loom large and it became clear that these, and other challenges, would pose significant risks to the success of the project.
The challenge of bridging the communication gaps between software developers has usually been approached by developing methodologies that bridge the technical aspects of software development and the business demands of requirements analysis. Such approaches have led to the development of Joint Application Development (JAD), UML and other related tools and strategies that seek to bridge the communication gap between different participating groups through simplifying the dialogue between stakeholders during requirement analysis and system testing. Stakeholders from finance, human resources, operations and marketing began to participate in software development through JAD sessions and other requirement analysis forums in an effort to reduce software risks by involving stakeholders in the software development cycle. Moderate successes [1] have been recorded by this approach. However the history of these approaches is grounded is solving communications problems that arise when developing business software in private sector environments.
Applying ICT in social development invariably brings in the public sector. Whilst the corporate sector can legitimately claim moderate successes in reducing the application backlog through expanding the number of participants by, inter alia, adopting JAD sessions, the new kid on the block, the public sector, cannot pronounce the same modest gain. Put it another way, the social development sector, which includes government agencies, development practitioners, policy makers, aid agencies and grassroots, has not made significant strides in bringing the majority of their stakeholders into the application development cycle. Consequently, the majority of decision makers in the public (e.g. policy makers, government officials, extension services officers, donor programmer officers, grassroots community leaders) do not participate in software development. I developed the Integrated Spatial Development Framework (IDSPF) as a contribution to the software development community in particular, and to socio economic development in general to offer a pathway for including these decision makers and the grassroots in the software development cycle.
If I was to propose to a group of software programmers that they include computer illiterate rural folks in their next JAD session, they would think I am asking for the impossible. Current implementations of JAD sessions and other software development methodologies/tools do not explicitly address the challenges that arise when one is developing software applications for supporting socio economic development projects in rural communities. IDSPF has been developed as a methodology that addresses such challenges thus it provides a framework for the development of IICTs by incorporating tools that promote and simplify software development activities for stakeholders that are traditionally classified as computer illiterate. IDSPF's major contribution to software development is providing a pathway for including all levels of society in the identification, development and implementation of software that improves livelihoods of communities in place. To most practitioners who are familiar with traditional software development practices, such a statement might sound like a Big, Hairy, Audacious Goal (BHAG) [7] , however IDSPF has achieved this feat.
I have tested these concepts through developing the Livestock Spatial Information System (LSIS) and the Agro-Dealer Network Spatial Information System (ADNSIS) which are systems that provide information within projects that seek to address the millennium goals of reducing extreme hunger and poverty and creating global partnerships for development, MGD 1 and 8, respectively. In this paper, I outline some of the challenges and strategic responses that I have built into IDSPF so that it democratizes software development by including grassroots in the software development cycle.
II. BACKGROUND AND PROBLEM DOMAIN
Lupane State University (LSU) is the fifth and youngest state university in Zimbabwe. Its main focus is developing graduates who can go and serve rural communities by working with them on projects in agriculture and natural resources management. As such, it can be surmised that the role of LSU is to improve the livelihoods of rural poor. To that end, LSU set up the Center for Agriculture and Rural Development (CARD) with the mandate of translating academic research to viable community based projects.
One of the strategies of CARD is to build a network of stakeholders, including private sector players, to provide a range of products and services to support community outreach projects. CARD initiated a community-based project called "Promotion of Indigenous and Exotic Poultry Production for Food Security and Marketing for Eradication of Poverty among Rural Communities". This project was aimed at addressing the first goal of MDG, which is to "Eradicate extreme poverty and hunger". I was drafted into the project and given the role of developing and implementing a "system for collecting data, processing the data and managing and disseminating research information within the academic, scientific and social stakeholder network of the project". LSU's guiding principle is to ensure that beneficiary communities participate in all stages of development interventions that impact on their lives. Consequently, it became a requirement that I involve rural communities in the software application that was going to support the indigenous and exotic poultry project. This provided the background for me to start investigating issues related to engaging rural communities in software development. Not much ground was covered on the indigenous and exotic poultry project, but the basic questions surround engaging rural communities in software development took root in this project and I was then able to pursue them deeper during development of LSIS.
My previous software development experience had been in the private sector. When developing LSIS, my initial approach was to use software development methodologies that I had applied in the private sector. However I quickly realized that some software development challenges that arise in the public sector are different from those experienced in the private sector. Most public sector software development challenges have their roots in the diversity of stakeholder skills, expectations, perceptions and authority and power levels within communities in place. When developing software in the private sector, it is normal that the software is for a specific company. That company will already have put in place structures that create stakeholder boundaries. Where stakeholders exhibit major differences that might prove to be a risk to project progress, the software designer can choose use the power based of existing company structures to manage that risk. Such support structures do not exist within communities in place. Differences in political views and livelihoods (i.e. farmers, brick layers and shop owners) create quite divergent and strong stakeholder perceptions about the project's outcome. There is no obvious power structure in place that can be used to address such divergent views. Structures that exist are either temporary or are only helpful for solving particular problems. For example one can use traditional leaders to solve a conflict about the use of and access to cultural sites. However trying to use traditional leaders to resolve a conflict about which school should be given a diesel generator to power a PC that will be used to capture community data would not be effective. The best approach would be to resort to participatory approaches that demonstrate the value of choosing one school over another. However proposing project value to groups with different skills levels is a challenge in its self. The language and tools for conducting meaning dialogue that clearly communicates the critical project variables that contribute to the value being proposed is a challenge, especially when the project seeks to democratize software development by involving the communities in place in the entire software development cycle. It is against this background that I began to develop the following hypotheses:
Hypothesis One: Public Sector and socio economic development is heavily influenced by geographic context. Hypothesis Two: Advances in Geographic Information Systems (GIS) should benefit Public Sector and Community Development project planning, implementation and monitoring and evaluation.
Based on these hypotheses, I proceeded to develop strategies that would ensure GIS is mainstreamed into most activities undertaken within the project.
The decision to adopt GIS, which is supported by Hypothesis Two, was also consistent with the overall goal of simplifying dialogue with rural communities through adopting participatory approaches. Village Resources Maps [5] , which are unstructured maps, are used in Participatory Rural Appraisal (PRA) methodologies to document the availability of resources within communities and discuss the impact of these resources on development activities taking place within the community. Thus maps are tools that have been successfully used within a media for bridging communication gaps between development officers and communities in place. Village Maps have proved useful in proving insight into a variety of development issues like how activities impact on the environment, gender access to land, location of water sources, availability of extension services and resolving land rights. Using GIS technology within IDSPF is a logical strategy of demystifying ICT through adopting a common visualization language that has been successfully applied in bridging knowledge and skills gaps within stakeholders in socio economic development projects. My approach of using private sector approaches in the public sector ran into problems. I started uncovering problems that seemed to be unique to the public and community development sectors. As a result, I added the following hypothesis to guide deeper inquiry into the public sector realities that were emerging as the project progressed:
Hypothesis Three: Current advances in planning and management systems that are gaining ground in the private sector need to be adapted before being applied in the public sector.
Enterprise Architecture (EA) models applied in the private sector have proved their worth in providing a pathway for, inter alia; developing visual artifacts that enable non-technical business managers collaborate with IT specialists in aligning business goals to technology solutions. The Zachman Framework [6] was one the first EA models to demonstrate the theory that visual models and artifacts can help describe and build complex models that link high-level business questions to software solutions that answer these questions. An interesting approach developed by Zachman was to develop various artifacts that answer similar questions across diverse stakeholder groups like planners, owners, designers, builders and sub-contractors. Using the same approach, I grouped stakeholders in public sector development projects into Sponsors (i.e. Government Departments, Parliamentarians, Policy Makers, Donors and NGOs), Communities in Place and Technical Services Providers (i.e. Extension Services officers, Consultants and Software Developers).I then decided to develop a high level strategy that will guide the adaption of private sector models for public sector application. Table 1 shows the Private to Public Sector Strategy Adaptation Matrix (PPSSAM) that I developed to guide adaptation of private sector strategies to address public sector realities. 
Substitute Products
Create entry barriers for new and competing substitute products. Maximize own product mix such that own products cover all profitable market niches
Encourage substitutes that lower cost to local companies such that that can enter global markets. Set up research institutions and incubation facilities to support product development. Share product knowledge and promote product and materials research.
New Entrants
Set up barriers for new entrants. Develop competitive strategies that make it costly and risky for new companies to enter the industry.
Encourage new entrants. Provide incubation facilities and organize training, trade promotions, and demonstration visits. Utilize trade missions and embassies to promote new entrants.
Customers
Reduce bargain power of customers. Lock in customers such that they do not move to other suppliers.
Empower customers such that they grow and move away from publicly funded programmes. Share information with customers such that they can set up powerful consumer organizations.
PPSSAM provided the adaptation strategy that enabled me to develop stakeholder engagement strategies that are consistent with public sector stakeholder mandates.
III. ICT FOR DEVELOPMENT CHALLENEGES
Most of the documented challenges of ICT for Development (ICT4D) applications have focused on infrastructure challenges [2] . They focus on the rural reach of national power grids, connectivity, support of hardware and access to ICT. Table 2 shows challenges that have been identified and solutions that have been proposed [3] . What has not been extensively document are problems to do with stakeholder interactions and perceptions in during software development of ICT for Development applications. 
Mobile computing on cell phones lowers costs of access devices I carried out a study that highlighted the following as some of the major challenges that would confront software developers who attempt to ensure participation of grassroots communities in the software development cycle:
x Common Language: There is need for a common language to bridge the skills and knowledge gap between stakeholder communities and software developers. Visualization, GIS and PRA techniques provided attractive options for solving this challenge. x ICT Priority: Stakeholders in social development, especially communities in place, attach very low priority to ICT projects. I chose and approach of developing artifacts that communicate how relevant information is critical to the success of the project. Once the importance of information to project success has been established, I then communicated why ICT is the best resource for hosting the information required. This then removes the stakeholders' perception of viewing ICT as an unnecessary indulgence in rural development projects. x Identifying appropriate ICT applications: ICT projects for communities in place are usually sponsored by Government or development and aid agencies. This sponsor group is responsible for identifying development interventions and generally accepts that ICT has potential to improve livelihoods. However they have no capacity of envisioning how ICT can be deployed in community projects. Consequently, they do not budget for ICT when they are planning intervention projects. I solved this challenge by developing high level generic artifacts that communicate the link between development projects and ICT in general and then give such models context by developing a pathway that links the model to a specific project being deployed in the community. Challenges in ICT for Development arise due to the multiple and at times disjointed stakeholder interest groups [4] that are found in the community development constituency. IDSPF's value is in addressing the identified challenges using the approaches outlined to solve the identified challenges. Existing tools and technologies for analyzing and managing stakeholders in ICT projects have been developed within private sector environments. The corporate laager that has been built in private sector enterprises governs stakeholder interactions within the private sector. Corporate departmental structures, human resources policies, standards, mission statements and strategic and training plans have a huge impact on governing and directing stakeholder interactions and perceptions and roles and responsibilities within corporate ICT projects. Existing stakeholder management approaches either leverage on these corporate issues or attempt to remove barriers that are created within corporate organizations. For example, corporate ICT project governance structures usually bear resemblance to the organizational structure of the organization. Recruitment policies and job profiles have a significant impact in defining skills that are found within stakeholders of a corporation. Stakeholder management strategies can leverage on these skills.
In socio economic development projects, such cohesive structures are absent. The community that benefits from socio economic projects comprises a confederation of loose, fluid, informal and at times undefined stakeholder groups. Such groups usually have conflicting perceptions and values about community resources that are used within socio economic development projects. For example farmers and brick makers have different and conflict values attached to water sources within the community. Such conflicting views have potential for nurturing stakeholder conflicts within socio economic projects. These conflicts invariably have direct or indirect influence on ICT for Development projects. Government departments and NGOs are significant players in community development. However their roles are on the ICT4D project can be undefined and conflicting. Existing corporate stakeholder analysis and management tools do not address such challenges.
ICT4D is emerging at the time when the development community is embracing the concept of sustainable development. In 1987 the World Commission on Environment and Development (WCED) produced a report entitled Our Common Future which outlined a model for sustainable development. Since sustainable development is a relatively new concept, there is an absence of a critical mass of development and ICT personnel who are conversant with the critical issues surrounding sustainable development. If ICT4D is to advance human development, it is important that it contributes towards creating sustainable development capacity within stakeholder in community development projects.
These are some of the myriad of challenges that IDSPF is addressing. As such, IDSPF is a very compressive framework, which cannot be adequately addressed in a single paper. What I will do is to discuss a few of the IDSPF artifacts solve some of the identified challenges during project planning.
IV. ICT FOR DEVELOPMENT VALUE
Since ICT can be viewed as a low priority resource within impoverished communities, it is important that its value be communicated in the conception stages of the socio economic development project. The ideal point for communicating the value of ICT in community development projects is during an inception consultative workshop. Figure 1 shows how such a workshop fits within the overall rollout plan of a community development project. Groups that represent the whole stakeholder community should attend the ICT Planning Consultative Workshop (ICTPCW). Such groups include primary beneficiaries, government departments, NGOs, implementing consultants and community, political and business leaders. The broad spectrum of stakeholder groups present the skills gap challenge when discussing ICT needs. Such groups have varying knowledge about ICT usage, the ICT Awareness session should be guided by the following imperatives:
x It should aim to demonstrate the value of ICT in development. This is where GIS can be used to give ICT context to and demystify ICT application in community development. Fig. 2 shows how the ICT Awareness workshop can add value to later stages of the project. x The content should cover development project issues and not technology issues. For example, the concept of sustainable development should be given project and not technology context. Fig 3 shows one of the tools that can be used to demonstrate the value and role of ICT within a community development project. x The models used should be visual and participatory. IICT Awareness Workshop Figure 3 is quite useful in discussing the role of ICT in socio economic development. I usually use it to build up an approach that demonstrates that sustainable development depends on the community's efficiency in utilizing natural and locally available resources during the project life cycle. A community that conserves resources by matching consumption to resource extraction creates less waste. Strategies that reuse resources also create less waste. The real payload of less waste is low pollution and conservation, which in turn leads to a more prosperous society. Societies that fail to do this degrade their environment which eventually leads to impoverishment of future generations. Figure 3 shows how community knowledge is important in sustainable development. IICT Sustainable Development Model
To sell the value of ICT to participants, it is crucial to demonstrate the value of technology in the development project being pursued. If the project is about dress making for example, the technology to be discussed first should be the dress making technology like sawing machines, cutting machines and cloth making technologies. A case has to be made for demonstrating how knowledge about these technologies and the dress making production processes adopted by the community contributes to community development. A pathway of linking appropriate adoption of technology and processes to sustainable development needs to be demonstrated. Once this has been achieved, ICT can then be added as one of the technologies that not only contribute to the success of the dressmaking project, but also to sustainable development and to hosting the sustainable development model shown in figure 3 . This is where ICT's advantages in hosting Information and Knowledge systems can be discussed. Figure 4 can be used to discuss how ICT will be used to host the community knowledge system. Four Ps IICT hosting model.
The tool in figure 4 is useful in requirements analysis since it provides a template for guiding ICT Planning Consultative Workshop deliberations as indicated in Table III.   TABLE III. LINKING FOUR Ps TO REQUIREMENT ANALYSIS
Four Ps Link to democratizing Software Development Place
This establishes the physical boundaries of the project and provides the business case for using a GIS. The baseline about settlement patterns, spatial distribution of natural resources, the state of the environment and location of markets can be visually discussed with "computer illiterate people". GIS provided us a powerful resource for developing a comprehensive pathway for including rural poor in requirements analysis. People This provides the basis for creating a database of the project beneficiaries. Using GIS as the base technology enables one to show the spatial distribution of beneficiaries within the community. Their spatial relationship to the baseline maps built in the "Place" perspective can be analyzed and the projects impact on the state of the environment tracked. Processes I have already alluded to the fact that the IICT system user requirement analysis should be carried out with the community in place. The tools shown in figures 1 to 4 have proved to be simple enough to be understood by the representative groups that are targeted by the ICT Consultative Planning Workshop. My experiences in using these tools in developing LSIS and the ADNSIS software demonstrated that the simplicity of these tools does not compromise their ability to address the complex challenge of including grassroots in software development activities. These tools, together with others that comprise the comprehensive range of IDSPF artifacts, have been used to enable participation of "computer illiterate" stakeholders in defining and setting up structures like Village Knowledge Worker Clusters whose responsibilities are to, inter alia, collect and validate community generated data before it is submitted for captured in the IICT application. The same "computer illiterate" groups have also successfully used IDSPF tools in defining systems' Project Information Model during User Requirements Analysis conducted during ICT Planning Consultative Workshop. Thus the tools have significantly served the goal of democratizing software development by involving stakeholders who would be otherwise excluded from software development activities.
A broad range of issues have emerged. For example we have noted that the stakeholder community is broad. You have the community in place (the grassroots), you have the government agencies, you have donor and development agencies and you have consultants and software engineers. This is a very diverse collection of focus groups and it is not possible to have a single tool that bridges the communication gap. Our approach has been to develop a collection of tools that are target the participants at each stage of the project stages outlined in Figure 1 .
The original approach had been to identify tools in the corporate sector and adapt them for use in the public sector if they address the identified challenge. I only justified the development of new tools where adaptation proved ineffective. However what has come as a pleasant surprise is that the new tools can be applied to the corporate sector with very little adaptation. This has major implications. Although the approaches used in the corporate sector to reduce the application backlog have recorded acceptable returns, I hypothesize that the new tools I have developed can contribute towards simplifying software development dialogue in the corporate sector. I believe this is possible since I have applied these tools in corporate consulting assignments. Their simplicity and visualization simplifies communications and clarifies concepts during stakeholder engagements in the corporate sector. IDSPF comprises a range of artifacts that address specific public sector challenges that I identified within the software development cycle. Only four artifacts are discussed in this paper. These are artifacts that are used in the planning stages of the software development cycle. Table IV provides a summary of the current range of artifacts that comprise IDSPF. Provides a method of identifying how GIS is an appropriate tool for providing information that cuts across most socio economic development models. This tool can be used in enabling sponsors to develop capacity to identify ICT applications that are aligned to development projects.
Requirement Analysis
Participatory
Rewarding Spatial Model (PRSP)
PRSP is a model used for rewarding workshop participates during workshop deliberation. Participants choose icons that represent assets like livestock, houses, farm equipment, natural resources and farm produce and pin these on a spatial map that represents an ideal environment they would like to live in. This tool is useful as an icebreaker during ICT Consultative Workshops since it introduces mapping techniques and lays the ground work for demonstrating the value of GIS as a tool for bridging stakeholder skills gaps.
Hierarchical Program Information Model (HPIM).
A PRA workshop facilitation technique commonly used in development is to have participants capture their contributions to workshop deliberations by record short sentences in cards that are then pinned on the wall. HPIM is used to rearrange the cards into hierarchical groups and then demonstrate how GIS can be used to provide Resource and Social Maps that address the projects information needs.
Logical and Design
Program Value Information Model (PVIM)
The PVIM is a tool used by software designers to convert the HPIM that was built by participants during ICT Consultative Workshop into workflow that forms the basis of mapping software processes to program activities identified by stakeholders who include grassroots communities in place. GIS, Structured and Unstructured (GUS) Docking Station.
GUS Docking Stations are used to dock each process in the PVIM workflow and articulate how software modules will provide GIS, structured and unstructured information. Elements of GUS Docking Station can be directly translated into classes that are the building blocks of objects in UML terminology. Consequently GUS Docking Stations links IDSPF with software engineering tools that are familiar to most software designers. This bridges the gap between development stakeholders and software engineers.
V. CONCLUSION The true value of ICT4D in development is going to be realized when ICT is applied in line-of-business areas in development. To achieve this, ICT has to support core socio economic project activities rather that the current situation where ICT is used mainly for word-processing and spreadsheet production. The process of embedding ICT in project activities has to be guided by the successful strategy of involving communities in designing project goals, objectives, activities and monitoring and evaluation. Development practitioners have successfully demonstrated that PRA techniques promote dialogue with grassroots during community development interventions. Existing software development tools are not optimized for addressing communication gaps that that exist between stakeholders in community development projects. These challenges emanate from the fact that stakeholders in community development environments comprise of loosely coupled independent groups that have, at times, conflicting agendas. ICT practitioners tasked with implementing ICT4D projects need to develop innovative approaches to addressing these challenges. In this paper I have attempted to outline how IDSPF solves these challenges and leads to democratizing software development by involving communities in place in articulating how technology should be used to improve livelihoods. This ushers in a new breed of applications I have come to call IICT.
